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USE OF VARIABLE RATIO COUPLERS FOR 
NETWORK PROTECTION AND RECOVERY 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to protection of point-to-point unidirectional and 
bi-directional fiber-optic transmission lines, and particularly to replacement of 
commonly used optical switches with variable ratio couplers for the protection of the 
fiber-optic transmission lines and up to about 3 dB insertion loss improvements. 

[0002] Currently, transmission systems employed in the cable television (CATV) 
industry provide two-way transmission of information (e.g., video, audio, multimedia 
and/or data) between a head end and a plurality of subscribers. The head end 
transmits the information destined for individual subscribers in optical format (i.e., 
downstream information) through one or more fiber optic links to one or more optical 
nodes. Each node converts the optically-formatted downstream information into 
electrical signals for distribution, typically via a coaxial cable plant having a tree and 
branch architecture, to individual subscribers. In addition to receiving the 
downstream information, each individual subscriber may generate information in the 
form of voice, video, data, or any combination thereof, destined for the head end. 
The subscriber-generated information (i.e., upstream information) is aggregated by 
the coaxial cable plant and passes to the node for conversion into an optical format 
for transmission to the head end. 

[0003] CATV service providers and their subscribers are accustomed to high 
reliability service. One way in which high reliability service is achieved is by 
providing two optical paths between the head end and each optical node; a first 
serving as a primary optical path and a second serving as a secondary (or backup) 
optical path. An optical switch routes the optical information signals from the 
primary path to the secondary path in the event of an unanticipated failure in the 
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primary path. The optical switches are often located in the head end and the optical 
nodes. 

[0004] The optical switches generally employ an opto-mechanical switching 
component that switches between the primary path and the secondary path based on 
the electrical voltage that is applied. A portion of the optical signal in the primary 
and secondary paths is monitored and converted to an electrical voltage. The voltages 
are monitored and if a threshold condition is violated, indicating a failure in the 
primary path, the switch is activated so that traffic is transferred to the secondary 
path. However, the optical switch does not include any arrangement for switching 
back from the secondary path to the primary path after the primary path has been 
restored. Rather, an operator or technician must perform a manual power cycle to 
restart the optical switches in both the head end and the optical node so that the 
switches return to the primary path. Restoration in this manner can be difficult 
because the head end and the optical node may be located 50 to 100 kilometers apart. 
Also, there may be many such optical switches in both the head and the nodes, thus 
requiring the operator to take proper care to ensure that the correct combination of 
switches are power cycled so that there is no interference with traffic on the other 
paths. 

[0005] The prior art solution to the above difficulty with responsive switching is to 
use automatic switches that provide protection based on detection of a change in 
power level in one of the two optical paths. 

[0006] FIG. 1 illustrates a block diagram of a unidirectional point-to-point prior art 
transmission system. An optical transmission system 10 is illustrated having a 
primary path 12 and a secondary path 14 adapted to receive signals transmitted via an 
optical path that may include, e.g., an Erbium doped fiber amplifier (EDFA) 11. A 
conventional 3 dB optical coupler 13 couples the transmitted signal to the paths 12, 
14. An optical protection switch module 16 having a 1X2 configuration is 
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operatively coupled to both the primary path 12 and the secondary path 14. The . 
optical protection switch module 16 includes a primary port 18 coupled to the 
primary path 12 and a secondary port 20 coupled to the secondary path 14. The 
optical protection switch module 16 includes a switch element 22 coupled to both the 
primary port 18 and the secondary port 20 and configured to switch between one of 
the two ports 18 and 20 in order to maintain the optical transmission system 10 
operable. A primary detector 24 is coupled to the primary port 18 and configured to 
perform basic power level detection of the primary path 12. A secondary detector 26 
is coupled to the secondary port 20 and configured to perform basic power level 
detection of the secondary path 14. In the event of a break in the primary path 12, the 
primary detector 24 detects low power in the primary path 12. The switch element 22 
of the optical protection switch module 16 actuates and switches from the primary 
path 12 to the secondary path 14. The optical protection switch module 16 functions 
to niaintain the optical transmission system 10 by switching to the better path based 
on power level detection. 

[0007] Although the optical protection switch module 16 is a useful means of 
protection for the optical transmission system 10, there are losses (e.g., 2 decibels 
(dB)) associated with the use of the optical protection switch module 16. 

[0008] A prior art solution for the protection of a bi-directional point-to-point 
transmission system is illustrated in FIG. 2. A block diagram of a bi-directional 
point-to-point optical transmission system 30 is illustrated. The optical transmission 
system 30 includes a primary path 32 and a secondary path 34. The transmission 
system 30 has a first optical switch 36 coupled at a head end 38 of the transmission 
system 30 to both the primary path 32 and the secondary path 34. A second optical 
switch 40 is coupled to both the primary path 32 and the secondary path 34 at an 
optical node end 42. The first optical switch 36 includes a switch element 44, a 
primary directional coupler 46, a secondary directional coupler 48, a primary optical 
detector 50, and a secondary optical detector 52. A coupler 51 is provided to couple 
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the input signal X\ to primary path 32 when switch 44 is in the upper position. 
Coupler 51 also couples a portion of the return signal A.2 from path 32 to the primary 
optical detector 50. A coupler 53 couples the input signal X] to secondary path 34 
when switch 44 is in the lower position. Coupler 53 also couples a portion of the 
return signal X2 from path 34 to the secondary optical detector 52. The second optical 
switch 40 has a similar configuration, including a switch element 56, four couplers 
58, 60, 61, 65 and two detectors 62, 64. 

[0009] The first optical switch 36 utilizes the directional coupler 46 to couple the 
input signal Xi to the primary path 32 or the directional coupler 48 to couple the input 
signal A,i to the secondary path 34, depending on the position of switch 44. In the 
event that the secondary path 34 is in use to carry the input signal X\ (switch 44 in 
lower position), a small portion of the input signal X\ is coupled via path 54 and 
couplers 46, 51 to the primary path 32. In this way, optical detector 62 at the second 
optical switch 40 can be used to verify when the primary path 32 has been repaired 
after a break. If the signal X\ is detected by the detector 62, then the primary path is 
successfully conmiunicating the signal, and switch 44 can be switched back to the 
upper position to couple the full power of input signal X\ to the primary path. 

[0010] Similarly, directional coupler 60 of second optical switch 40 couples a small 
portion of the return signal X2 to the primary path 32 (via directional coupler 58) for 
detection by optical detector 50 when the secondary path 34 is being used (switch 56 
in lower position). If detector 50 detects the return signal X2 in the primary path 32 
when the switch 56 is in the lower position, this will indicate that the primary path is 
functioning, and switch 56 can be switched back to the upper position to couple the 
full power of the return signal X2 to the primary path. 

[0011] A break in the primary path 32 will be detected by the detectors 50, 62. In 
response to such a break, the switch elements 44, 56 are actuated and switch to the 
secondary path 34. The transmission of the optical signals is thereby maintained in 
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the bi-directional optical transmission system 30. In response to the repair and 
restoration of the primary path 32, the switch elements 44, 56 are actuated to switch 
back to the primary path 32. The primary state of transmission is automatically 
restored without the need to power cycle at the head end 38 or at the optical node end 
42. 

[0012] The bi-directional point-to-point optical transmission system 30 is effective in 
preventing transmission failure in the event of a single break in the primary path 32. 
However, by employing two switches and four tap couplers, the system incurs 
significant link insertion losses (e.g., up to about 6 dB). 

[0013] What is needed in the art is an optical transnwssion system that eliminates the 
losses of the prior art structure while maintaining system reliability. 
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SUMMARY OF THE INVENTION 



[0014] The present disclosure is directed toward an optical transmission system 
comprising a primary path disposed between a first end and a second end. The 
primary path is configured to transmit optical signals between the first end and the 
second end. A secondary path is disposed between the first end and the second end. 
The secondary path is configured to transmit optical signals between the first end and 
the second end. A first variable ratio coupler is coupled to the primary path and the 
secondary path between the first end and the second end. The first variable ratio 
coupler is configured to adjust a coupling ratio between the primary path and the 
secondary path. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] Referring now to the figures, wherein like elements are numbered alike: 

[0016] FIG. 1 illustrates a prior art unidirectional point-to-point optical transmission 
system. 

[0017] FIG. 2 illustrates a prior art bi-directional point-to-point optical transmission 
system. 

[0018] FIG. 3 illustrates an exemplary unidirectional optical transmission system. 

[0019] FIG. 4 illustrates an exemplary bi-directional optical transmission system. 

[0020] FIG. 5 illustrates another exemplary bi-directional optical transmission 
system. 
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DETAILED DESCRffTION OF THE INVENTION 

[0021] Persons of ordinary skill in the art will realize that the following description of 
the present disclosure is illustrative only and not in any way limiting. Other 
embodiments of the invention will readily suggest themselves to such skilled persons 
having the benefit of this disclosure. 

[0022] An exemplary optical transmission system having variable ratio couplers for 
point-to-point unidirectional and bi-directional fiber optic transmission is disclosed. 
The optical transmission system replaces commonly used 1X2 optical switches with 
variable ratio couplers. 

[0023] FIG. 3 illustrates an exemplary embodiment of an optical transmiission system 
100. The optical transmission system 100 includes a primary path 110 and a 
secondary path 112 disposed between a head end transmitter 114 and an optical node 
end 116. One or more optical amplifiers, such as an Erbium doped fiber amplifier 
(EDFA) 111 can be provided in the optical transmission system. A coupler, such as 3 
dB coupler 113, is provided to split the transmission path into the primary and 
secondary paths 110, 112. The primary path 110 transmits optical signals in normal 
operation. The secondary path 112 is a backup path for the off-normal conditions and 
transmits the optical signals when the primary path 110 is not functional. A variable 
ratio coupler 118 is coupled to both the primary path 110 and the secondary path 112 
between the head end 114 and the optical node end 116. The variable ratio coupler 
118 includes a primary detector 120 coupled to the primary path 110. The primary 
detector 120 is configured to detect the presence of optical signals transmitted along 
the primary path 110. The variable ratio coupler 118 includes a secondary detector 
122 coupled to the secondary path 112. The secondary detector 122 is configured to 
detect optical signals along the secondary path 112. 
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[0024] The variable ratio coupler 118 replaces prior art switches. In an exemplary 
embodiment, the variable ratio coupler 118 can be a polished directional coupler with 
a variable coupling ratio. The variable ratio coupler 118 can be used to divide or 
combine optical signals from the primary path 110 and the secondary path 112. The 
variable ratio coupler 118 can be adjusted to any coupling ratio from about 0% to 
about 100%. For example, a micrometer adjuster (not shown) can be employed to 
adjust the coupling ratio. Any other known variable ratio coupler technology may 
alternatively be used to provide the desired coupling ratio adjustment. The variable 
ratio coupler 118 has a high degree of sensitivity and has low loss characteristics. In 
a preferred embodiment, the variable ratio coupler 118 can eliminate 2 dB of loss 
caused by the prior art switches. The variable ratio coupler 118 maintains the 
reliability of the optical transmission system 100, while eliminating the losses. 

[0025] In the event that the primary path 1 10 is broken, the variable ratio coupler 118 
can adjust the coupling ratio in order to shift over to the secondary path 112 for 
transmission. For example, if the primary path 110 is transmitting 100% of the 
optical signals and the secondary path 112 is transmitting 0% of the optical signals, 
the variable ratio coupler 118 can be adjusted to shift the optical signal. Upon 
detection of a signal failure by the primary detector 120, the primary path 110 is 
determined to be non-functional. The variable ratio coupler 118 can be adjusted such 
that about 100% of the optical signal is transmitted along the secondary path 112 and 
about 0% of the optical signal is transmitted along the primary path 110. The optical 
transmission system 100 can also be configured with a complete system failure alarm, 
or simply a both paths down alarm (not shown). In the event that both the primary 
detector 120 and the secondary detector 122 detect loss of signals due to the primary 
path 110 and the secondary path 112 being broken, the alarm can indicate the 
complete loss of system transmission. 

[0026] FIG. 4 illustrates an exemplary embodiment of a bi-directional optical 
transmission system 200. The optical transmission system 200 includes a primary 
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path 210 and a secondary path 212 disposed between a head end 214 and an optical 
node end 216 of a link 217. The primary path 210 transmits optical signals between 
both ends 214, 216 of the link 217 in normal operation. The secondary path 212 is a 
backup path for the off-normal conditions, and transmits the optical signals between 
the link 217 when the primary path 210 is not functional. 

[0027] A variable ratio coupler 218 is coupled to both the primary path 210 and the 
secondary path 212 between the head end 214 and the optical node end 216. The 
variable ratio coupler 218 includes a primary detector 220 coupled to the primary 
path 210. The primary detector 220 is configured to detect the presence of optical 
signals transmitting along the primary path 210. The variable ratio coupler 218 
includes a secondary detector 222 coupled to the secondary path 212. The secondary 
detector 222 is configured to detect optical signals along the secondary path 212. 

[0028] An optical switch 224 is coupled to both the primary path 210 and the 
secondary path 212 opposite the variable ratio coupler 218 between the head end 214 
and the optical node end 216. The optical switch 224 includes a switch element 226 
coupled between the primary path 210 and the secondary path 212. The optical 
switch 224 includes a primary switch detector 228 coupled to the primary path 210 
and a secondary switch detector 230 coupled to the secondary path 212, The optical 
switch 224 is configured to switch between the primary path 210 and the secondary 
path 212, such that optical signals can transmit along the optical transmission system 
200 reliably. 

[0029] The variable ratio coupler 218 replaces a prior art switch in the prior art bi- 
directional optical transmission system. The variable ratio coupler 218 can be used to 
divide, or combine, optical signals from the primary path 210 and the secondary path 
212. The variable ratio coupler 218 can be adjusted to any coupling ratio from about 
0% to about 100%. In the event the primary path 210 has a break, the optical switch 
224 can actuate and switch from the primary path 210 to the secondary path 212. The 
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variable ratio coupler 218 can be adjusted to transmit about 80% of the optical signal 
through the secondary path 212 and about 20% of the optical signal through the 
primary path 210. By maintaining a 20% ratio on the primary path 210, it will be 
possible for detectors 220 and 228 to detect the resumption of a signal on the primary 
path, e.g., once the break has been repaired. When the primary path 210 has been 
restored, the optical switch 224 can switch back to the primary path 210. The 
variable ratio coupler 218 can then be re-adjusted to transmit, e.g., 100% of the 
optical signal through the primary path 210 and 0% of the optical signal through the 
secondary path 212. The variable ratio coupler 218 is not link dependent. The 
variable ratio coupler 218 can set the ratio between the primary path 210 and the 
secondary path 212 as required for the particular implementation of the optical 
transmission system 200. 

[0030] By eliminating one of the two switches from the prior art system, the 
exemplary embodiment provides the capacity to transmit 100% in the primary path 
210 due to the reduction of the losses resulting from the removal of prior art switch. 
The exemplary embodiment permits link independency, such that the splitting ratio 
can be adjusted for the proper loss budget of the link 217. In particular, the splitting 
ratio can be adjusted for the loss budget of the link 217 based on the length of the link 
217. The capability of the exemplary optical transmission system 200 having the 
variable ratio coupler 218 is equivalent to having a built-in variable optical attenuator 
(VOA) function. 

[0031] FIG. 5 illustrates an exemplary embodiment of a bi-directional optical 
transmission system 300. The optical transmission system 300 includes a primary 
path 310 and a secondary path 312 disposed between a first end 314 and a second end 
316 of a link 318. The primary path 310 transmits optical signals between both ends 
314, 316 of the link 318 in normal operation. The secondary path 312 is a backup 
path for off-normal conditions, and transmits the optical signals between the ends 
314, 316 of the link 318 when the primary path 310 is not functional. 
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[0032] A first variable ratio coupler 320 is coupled to both the primary path 310 and 
the secondary path 312 near the first end 314. The first variable ratio coupler 320 
includes a first primary detector 322 coupled to the primary path 310. The first 
primary detector 322 is configured to detect the presence of optical signals 
transmitted along the primary path 310. The first variable ratio coupler 320 includes 
a first secondary detector 324 coupled to the secondary path 312. The first secondary 
detector 324 is configured to detect optical signals along the secondary path 312. 

[0033] A second variable ratio coupler 326 is coupled to both the primary path 310 
and the secondary path 312 near the second end 316. The second variable ratio 
coupler 326 includes a second primary detector 328 coupled to the primary path 310. 
The second primary detector 328 is configured to detect the presence of optical 
signals transmitted along the primary path 310. The second variable ratio coupler 326 
includes a second secondary detector 330 coupled to the secondary path 312. The 
second secondary detector 330 is configured to detect optical signals along the 
secondary path 312. The second variable ratio coupler 326 includes a primary switch 
element 332 coupled to the primary path 310. The second variable ratio coupler 326 
includes a secondary switch element 334 coupled to the secondary path 312. The 
primary switch element 332 and the secondary switch element 334 are configured to 
couple and decouple the primary path 310 and the secondary path 312 within the link 
318 of the optical transmission system 300. 

[0034] The exemplary embodiment of the optical transmission system 300 includes 
variable ratio couplers 320 and 326 on both ends 314 and 316 of the link 318. In the 
event of a break in the primary path 310, the first primary detector 322 of the first 
variable ratio coupler 320 detects the break (e.g., low signal power). The first 
variable ratio coupler 320 adjusts from having 100% of the optical signal at the 
primary path 310 to a value less than 100%, preferably at a value of about 20%. The 
first variable coupler 320 adjusts to about an 80% value to the secondary path 312. 
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The second variable ratio coupler 326 having detected the break in the primary path 
due to low power detected at the second primary detector 328, adjusts from a 100% 
value to about a 20% value at the primary path 310. The second variable ratio 
coupler 326 also actuates the primary switch element 332 open and closes the 
secondary switch element 334. In the off-normal condition, about 20% of the signal 
is allocated to the primary path 310 and about 80% of the signal is passing through 
the secondary path 312. The ratio of the values between the primary path 310 and the 
secondary path 312 can be varied depending on the configuration of the Hnk 318 and 
the optical transmission system 300. 

[0035] When the primary path 310 recovers, the first variable ratio coupler 320 can 
be readjusted such that 100% passes through the primary path 310. The second 
variable ratio coupler 326 can be readjusted such that 100% passes through the 
primary path 310. The primary switch element 332 and the secondary switch element 
334 can be reconfigured to allow for the signals to pass through the primary path 310. 
In a preferred embodiment, the detectors 322, 324, 328 and 330 can be employed to 
adjust the splitting ratio of the corresponding first variable ratio coupler 320 and 
second variable ratio coupler 326. The detectors 322, 324, 328, and 330 can be 
employed to trigger the primary switch element 332 and the secondary switch 
element 334 to be in an open state or a closed state. The primary switch element 332 
and the secondary switch element 334 are configured, such that only one of the two 
switches 332 and 334 are open. In this configuration, the primary path 310 and the 
secondary path 312 cannot be simultaneously operating. There can be no multi-path 
interference as a result of the configuration. The primary switch element 332 and the 
secondary switch element 334 have only about 0.3 dB maximum insertion loss. The 
link budget of link 318 is therefore not significantly degraded. 

[0036] The inventive concepts disclosed herein enjoy many advantages. Among 
these are up to about a six dB link insertion loss improvement by replacing two 
switches and four couplers as compared to prior art implementations. Moreover, a 
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higher optical power handling capability (e.g., up to two watts or more) is provided 
for as compared to only about a 300 milliwatt capability for prior art structures using 
switches. Elimination of splicing between switches and couplers is also achieved 
where a variable ratio coupler is used as disclosed herein. By using a variable ratio 
coupler instead of a prior art switch, switch stiction (i.e., a stuck optical switch) and 
chattering effects are also removed. Further, link independency is provided with the 
inventive structure, since the splitting ratio can be adjusted for the proper loss budget 
of the link (e.g., based on the length of the link). Still further, substantially 100% 
transmission can be achieved in the primary path. 

[0037] While embodiments and applications of this disclosure have been shown and 
described, it would be apparent to those skilled in the art that many more 
modifications than mentioned above are possible without departing from the 
inventive concepts herein. The disclosure, therefore, is not to be restricted except in 
the spirit of the appended claims. 
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